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,QWURGXFWLRQ
1LFNHO DOOR\ EDVHG PHWDO PDWUL[ FRPSRVLWHV DUH WKH FODVV RI DGYDQFHGPDWHULDOV WKDW DUH ZHOO VXLWHG IRU SXPSV
YDOYHV DQG DXWRPRWLYH LQGXVWULHV EHFDXVH RI WKHLU VWUHQJWK FRUURVLRQ UHVLVWDQFH DQG IRU HOHFWULF DQG HOHFWURQLF
LQGXVWU\EHFDXVHRIWKHLUKLJKWKHUPDODQGHOHFWULFDOFRQGXFWLYLWLHV>@7KHGHPDQGIRUVXFKIXQFWLRQDOPDWHULDOWR
SURYLGHKLJKSHUIRUPDQFHKDVUHVXOWHGLQFRQWLQXRXVDWWHPSWVEHLQJPDGHSDUWLFXODUO\LQDUHDVRIDOOR\GHVLJQDQG
WKH XVH RI QRYHO SURFHVVLQJ WHFKQLTXHV WR GHYHORS FRPSRVLWHV RU K\EULG PDWHULDOV DV VHULRXV FRPSHWLWRUV WR WKH
WUDGLWLRQDOHQJLQHHULQJDOOR\V,QSDUWLFXODUWKHSDUWLFOHUHLQIRUFHGPHWDOPDWUL[FRPSRVLWHV00&VDUHDWWUDFWLYHLQ
WKDW WKH\ H[KLELW QHDULVRWURSLF SURSHUWLHV E\ FRPSDULVRQZLWK WKH FRQWLQXRXVO\UHLQIRUFHGPDWULFHV >@2WKHUV
UHSRUWHGWKHDGYDQWDJHVRIWKLVDOOR\KDYHWRRIIHURYHUWKHRWKHUPDWHULDOLQFOXGHDSRWHQWLDOIRUKLJKKDUGQHVVDQG
DEUDVLRQ UHVLVWDQFH LPSURYHG IUDFWXUH FUDFN SURSDJDWLRQ DQG JRRG PLFUR FUHHS SHUIRUPDQFH )XUWKHUPRUH
IDEULFDWLRQ RI WKH GLVFRQWLQXRXVO\UHLQIRUFHG QLFNHO FRPSRVLWHV FDQ EH DFKLHYHG E\ VWDQGDUG PHWDOOXUJLFDO
SURFHVVLQJ PHWKRGV DQG WKHVH PDWHULDOV FDQ EH PDFKLQHG E\ XVLQJ FRQYHQWLRQDO IDFLOLWLHV 7KH FRPELQDWLRQ RI
SURSHUWLHV RIIHUHG E\ SDUWLFOHUHLQIRUFHG QLFNHO PHWDOPDWUL[ FRPSRVLWHV PDNHV WKHVH PDWHULDOV DWWUDFWLYH IRU





HQJLQHHUV IRU WKH SURGXFWLRQ RI VRXQG DQG TXDOLW\ FDVWLQJV >@:LWK WKH LQFUHDVH LQ WKH GHPDQG IRU TXDOLW\
FRPSRVLWHV LW KDV EHFRPH HVVHQWLDO WR SURGXFH QLFNHO DOOR\ FRPSRVLWHV WKDW DUH IUHH IURP VROLGLILFDWLRQ GHIHFWV
1LFNHO DOOR\ FDVWLQJVZLGHO\ XVHG LQ DXWRPRELOHV DQG LQGXVWULHV DUH SURQH WR XQVRXQGQHVV LQ WKH IRUPRIPLFUR
VKULQNDJH0LFURVKULQNDJHRUGLVSHUVHGSRURVLW\LQWKHFRPSRVLWHFDQEHPLQLPL]HGE\MXGLFLRXVORFDWLRQRIFKLOOV
7KHUHIRUH FKLOO DFWV DV D VWHHS WHPSHUDWXUH JUDGLHQW LQ GHVLUHG GLUHFWLRQ DQG LQ GHVLUHG ORFDWLRQ >@ $V D
FRQVHTXHQFHRIXVLQJFKLOOVWKHVROLGLILFDWLRQFRQGLWLRQVDUHDOWHUHGDQGVRDUHWKHFDVWLQJSURSHUWLHV7KHDELOLW\RI
WKHFKLOOWRH[WUDFWKHDWIURPWKHPROWHQPHWDOGXULQJIUHH]LQJRIWKHFDVWLQJLVGHSHQGHQWRQWKHVL]HRIWKHFKLOODQG




7KHPDWUL[ PDWHULDOZDV VHOHFWHG DYDLODEOHSXUH QLFNHOEDVHDOOR\ 7KHFKHPLFDOFRPSRVLWLRQRIWKHPDWUL[
LVJLYHQLQWKHWDEOH7KHUHLQIRUFHPHQWZDV SXUH6L2 RI SDUWLFOHV VL]HȝP WRȝP/LTXLGPHWDOOXUJ\PHWKRG
ZDVXVHGIRUSUHSDULQJ WKHFRPSRVLWH
7DEOH&RPSRVLWLRQRI0RQHOPHWDO01LFNHOEDVHDOOR\
(OHPHQW 1L &X )H & 0Q 6L 3
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%DODQFH   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(OHPHQW 6 &U &R $O 7L 6Q 3E
&RPSRVLWLRQLQ
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3UHSDUDWLRQRIWKHFRPSRVLWH
7KH QLFNHOEDVHDOOR\IXVHG6L2 PHWDOPDWUL[FRPSRVLWH ZHUHIDEULFDWHGE\ XVLQJ LQGXFWLRQ IXUQDFHDWWDFKHGZLWK
DVWLUUHUE\ YDU\LQJSHUFHQWDJHRI UHLQIRUFHPHQWSDUWLFOHVIURPZWWR ZWLQVWHSVRI7KLVPHWKRGLVWKH
PRVWHFRQRPLFDOWRIDEULFDWHFRPSRVLWHVPDWHULDOV7KHPDWUL[ZDVILUVWVXSHUKHDWHGDERYHLWVPHOWLQJWHPSHUDWXUH
 &DQG SUHKHDWHG 6L2  &SDUWLFXODWHVDGGHG LQWRPROWHQ PHWDO7KHPROWHQ PHWDO ZDVVWLUUHG SURSHUO\
7KHPHOW DW &ZDV SRXUHG LQWR WKH VDQGPROGV7KHPRXOGV IRU WKH SODWH W\SH RI FDVWLQJV PP
$PHULFDQ )RXQGU\PHQ6RFLHW\ VWDQGDUGZHUH SUHSDUHGXVLQJ VLOLFD VDQGZLWK EHQWRQLWH DV ELQGHU DQG 
PRLVWXUHDQGILQDOO\WKH\ZHUHGULHGLQDQDLUIXUQDFHDWDWHPSHUDWXUHRI &ZKLFKZDVFRROHGIURPRQHHQG
E\ GLIIHUHQW PHWDOOLF DQG QRQ PHWDOOLF FKLOO EORFN VHW LQ WKH PRXOG 3UHSDUDWLRQ RI VDQG PRXOGV DQG FKLOOV
DUUDQJHPHQWDUHDVVKRZQLQILJXUH
D EFG
)LJD 6DQG0RXOG E &KLOOVDUUDQJHPHQW F 0RXOGVZLWK66&RDWLQJ G ,QGXFWLRQIXUQDFH
D E




6SHFLPHQV IRU WHQVLOH WHVWLQJ ZHUH VHOHFWHG WR XQGHUVWDQG WKH HIIHFW RI VWUHQJWK RQ WKH PDWUL[ FRPSRVLWHV 7KH
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VSHFLPHQGLPHQVLRQVZHUHDVSHU$670(0URXQGVWDQGDUGVDVVKRZQLQ)LJ &RPSXWHUFRQWURORSHUDWLQJ
V\VWHPZLOOHQKDQFHWKHSHUIRUPDQFHRIWKHPDFKLQHXQLIRUPDQGDFFXUDWHFRQWURORIWKHWHVWLQJRQOLQHGLVSOD\RI
ORDGYVGHIRUPDWLRQRU VWUHVVYV VWUDLQ  FXVWRPL]HG WHVW UHSRUWV VWRUDJHDQG UHWULHYDORI WHVWGDWD URWDU\HQFRGHU
GHWHFWV\LHOGSRLQWEDVHGRQSURRIVWUHVV7KLVPDFKLQHLVFRPSO\ZLWK*UDGH$RI%6 ± DQG*UDGH





6SHFLPHQVZHUHVHOHFWHGDW WKHFKLOOHQGDUHREVHUYHGXQGHU WKHPLFURVFRSH 0LFURVWUXFWXUDOVWXGLHVZHUHFDUULHG
RXW XVLQJ 1,.21 ± -DSDQ (&/,36( /9  RSWLFDOPHWDOOXUJLFDO PLFURVFRSH 7KH VSHFLPHQV IRU PLFURVFRSLF
H[DPLQDWLRQDUHFXWIURPGHVLUHGORFDWLRQ JURXQGSROLVKHGDQGHWFKHGDVSHU$670VWDQGDUGV7KHEXUVDQGHGJH
SURWUXVLRQVDUH UHPRYHGE\SROLVKLQJRQDJULW DEUDVLYHFRDWHGEHOWJULQGHU7KHVSHFLPHQVZHUH JURXQGRQ
DQGJULW6L&HPHU\SDSHU6XEVHTXHQWO\ WKHJURXQG VDPSOHV ZHUHPHFKDQLFDOO\SROLVKHGXVLQJRQHPLFURQ
GLDPRQG EDVHG SROLVKLQJ FRPSRXQG 7KH SROLVKHG VSHFLPHQVZHUHZDVKHGZLWK GLVWLOOHGZDWHU DUH HWFKHG XVLQJ
GLOXWHG NHOOHU¶V UHDJHQW PO+FOPO+1R PO+6RPO+)0LFURVFRSLF VWXG\ ZDV DOVR FDUULHG RXW
XVLQJFOHPD[ LPDJHDQDO\]HUVRIWZDUH 7KLVKLJKUHVROXWLRQPLFURVFRSHIURP ± PDJQLILFDWLRQGU\ZLWK
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9LFNHUVPLFURKDUGQHVV WHVWVZHUHSHUIRUPHGRQ DOO VDPSOHVRI WKH PHWDOPDWUL[ FRPSRVLWHV GHYHORSHG3ROLVKHG
VSHFLPHQV XVHG IRUPLFURVWUXFWXUH DQDO\VLVZHUHXVHG IRU KDUGQHVV VWXGLHVXVLQJPLFUR KDUGQHVV WHVWHU VKRZQ LQ
)LJ$ ORDG RI J IRU SHULRG RI  VHFRQGVZDV DSSOLHG RQ WKH VSHFLPHQV7KH KDUGQHVVZDV GHWHUPLQHG E\
UHFRUGLQJWKHGLDJRQDOOHQJWKRILQGHQWDWLRQSURGXFHG7KHWHVWVZHUHFDUULHGRXWDWWKUHH GLIIHUHQWORFDWLRQVLQRUGHU
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)LJ0LFURVWUXFWXUHVRI D %DVH0HWDO  E 6L2  F6L2 G 6L2H 6L26L&FKLOO I6L26L&FKLOO J
6L26L&FKLOO K 6L206&KLOO L6L206&KLOO M 6L206&KLOO
'LVFXVVLRQ
,W LV REVHUYHG IURP WKHPLFURVWUXFWXUDO VWXGLHV WKDW ILJ  GLVSHUVRLG LV GLVWULEXWHG XQLIRUPO\ DQG WKLV LVPDLQO\
EHFDXVHRIVWLUULQJDQGGHQVLW\GLIIHUHQFH %RQGLQJLVSHUIHFWEHWZHHQPDWUL[DQGGLVSHUVRLG GXHWRSUHKHDWLQJRIWKH
GLVSHUVRLGDQGQR PLVPDWFKEHWZHHQ WKHPLVREVHUYHG 0LFURSRURVLW\ LVDOVRQRWREVHUYHG LQ WKHPLFURVWUXFWXUH
7KHPLFURVWUXFWXUHUHYHDOVILQHJUDLQVWUXFWXUHEHFDXVHRIFKLOOLQJ
0,&52+$5'1(667(67
)LJ 9LFNHUV KDUGQHVV YDOXHV RI 1LFNHOEDVHG FRPSRVLWHV ZLWK GLIIHUHQW 6L2 SHUFHQWDJHV FDVW XQGHUWKH
LQIOXHQFH RI GLIIHUHQW FKLOOV
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7DEOH+DUGQHVVDQGWHQVLOHVWUHQJWKRIQLFNHOEDVHDOOR\
'LVFXVVLRQ
+DUGQHVV LV D PHDVXUH RI WKH UHVLVWDQFH RI D PDWHULDO WR VXUIDFH LQGHQWDWLRQ RU DEUDVLRQ 7KH KDUGQHVV YDOXHV
)LJ   KDYH VKRZQ WUHQG DV SHUFHQWDJH DGGLWLRQV RI 6L2 LV LQFUHDVHG IURP  ZW WR  ZW 7KH KDUGQHVV
YDOXHV RI FRPSRVLWHV ZLWK GLIIHUHQW FKLOO KDYH LQFUHDVHG ZLWK WKH LQFUHDVHG DGGLWLRQ RI 6L2  ZW & 7KH
PD[LPXP KDUGQHVV LV REWDLQHG FRPSRVLWH ZLWK ZW 6L2 DGGLWLRQV IRU DOO 00&V FDVW XVLQJ GLIIHUHQW
FKLOOV 7KHUH KDYH EHHQ VLJQLILFDQW JDLQV LQ KDUGQHVV YDOXHV ZKHQ FRPSDUHG ZLWK WKH PDWUL[ DOOR\ 7KH
KDUGQHVV IRU WKH PDWUL[ DOOR\ LV  +9 DV DJDLQVW  +9 RI WKH 06 FKLOO HIIHFW FRPSRVLWHV FRQWDLQLQJ
 ZW 6L2
7(16,/(675(1*7+1PP 
)LJ 7HQVLOHVWUHQJWK YDOXHV RI 1LFNHOEDVHG FRPSRVLWHV ZLWK GLIIHUHQW 6L2 SHUFHQWDJHV FDVW XQGHU WKH LQIOXHQFH RI GLIIHUHQW FKLOOV
'LVFXVVLRQ
)URPWKHSUHVHQWUHVXOWVLWLVFOHDUHGWKDWWKHGLVSHUVRLGFRQWHQWLVLQFUHDVHG WHQVLOHVWUHQJWKLVDOVRLQFUHDVHVVLQFH
IXVHG 6L2 LV D KDUG FHUDPLF HPEHGGHG LQ QLFNHO PDWUL[ 7HQVLOH VWUHQJWK DOVR LQFUHDVHV DV 9+& RI WKH FKLOO







0DWUL[ 0DWHULDO 876 1PP
3HUFHQWDJH
(ORQJDWLRQ +DUGQHVV +9
1LDOOR\   







-RHO+HPDQWK  &U\RHIIHFWGXULQJVROLGLILFDWLRQRQWKHWULERORJLFDORI$OXPLQLXP DOOR\JODVV6L200&-RXUQDORIFRPSRVLWH
PDWHULDOV YRO1R
3UDGHHS.5RKDWJL  0HWDOPDWUL[FRPSRVLWHV 'HIHQVH6FLHQFH -RXUQDOYRO1R SS
&$,%LQ7$1<HIDHWDO  7ULERORJLFDOSURSHUWLHVRI1LEDVHDOOR\FRPSRVLWHFRDWLQJ PRGLILHGE\ ERWKJUDSKLWH	WL&SDUWLFOHV6FLHQFH
'LUHFW
0HHQX6ULYDVWDYD HWDO  ,QIOXHQFHRI=LUFRQLFDLQFRUSRUDWLRQRQWKHPHFKDQLFDO	FKHPLFDOSURSHUWLHV RI1L&R DOOR\V$PHULFDO-RXUQDO
RIPDWHULDO VFLHQFH 
;8(0DRTXDQ  7ULERORJLFDOEHKDYLRURI1L&UEDVHGFRPSRVLWHDWKLJKWHPSHUDWXUH7UDQVDFWLRQ RIQRQIHUURXVPHWDOVVRFLHW\RI
&KLQD VV
-LDQOLQJ/LHWDO  7ULERORJLFDOEHKDYLRURIJUDSKLWHFRQWDLQLQJ1LEDVHGFRPSRVLWHDVIXQFWLRQRIWHPSHUDWXUHORDG	 FRXQWHUIDFH:HDU

/,-LDQ/LDQJ HWDO  0HFKDQLFDO	IULFWLRQSURSHUWLHVRI$O	7LWDQLXPUHLQIRUFHG1LEDVHGVHOIOXEULFDWLQJ FRPSRVLWH 7UDQVDFWLRQRI
QRQIHUURXV PHWDOVRFLHW\RI&KLQD VV
5DMQHVK7\DJLHWDO  '$, (OHYDWHGWHPSHUDWXUHWULERORJLFDO EHKDYLRXURI1LEDVHGFRPSRVLWHVFRQWDLQLQJ QDQRVLOYHU	K%1 :HDU

-LDQOLDQJ/LHWDO  7ULERORJLFDOSURSHUWLHVRIPRO\EGHPL]HGVLOYHUFRQWDLQLQJ1LEDVH HOHYDWHGWHPSHUDWXUH 7ULERORJ\LQWHUQDWLRQDO

.50DULNNDQQXHWDO  6WXGLHVRQ1L$OHOHFWURFRPSRVLWHFRDWLQJVRIRYHUPLOGVWHHO VXEVWUDWH ,QWHUQDWLRQDOV\PSRVLXPRIUHVHDUFK
VWXGHQWVRQPDWHULDOVFLHQFH 	HQJLQHHULQJ'HF &KHQQDL
$\KDQ(52/HWDO  )DEULFDWLRQRI1L00&UHLQIRUFHGZLWK6L2E\ PLFURZDYHVLQWHULQJWK,QWHUQDWLRQDO$GYDQFH7HFKQLFDO
6\PSRVLXP0D\
.)XQDWDQHHWDO 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